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Background: Total replacement of the aortic arch is commonly performed with
either antegrade perfusion of the brachiocephalic arteries by means of direct can-
nulation or with an interval of hypothermic circulatory arrest of at least 30 to 40
minutes. We present a technique with a branched graft that uses antegrade brain
perfusion without the need for direct cannulation of the brachiocephalic arteries or
a separate perfusion circuit, with only a brief period of circulatory arrest of the brain.

Methods: Twelve patients underwent resection of the aortic arch through either a
midline sternotomy (4 patients) or a bilateral anterior thoracotomy (8 patients). The
right axillary artery was used for arterial return and for brain perfusion. After
establishing hypothermic circulatory arrest, the brachiocephalic arteries were de-
tached from the aorta, flushed, and occluded with clamps. Hypothermic perfusion of
the brain was established through the right axillary artery, and the brachiocephalic
arteries were sequentially attached to the limbs of a branched aortic graft. Flow to
the brain was then established in the antegrade direction through the axillary artery.

Results: The mean duration of circulatory arrest of the brain at a mean nasopha-
ryngeal temperature of 16°C was 8.8 minutes (range, 6-13 minutes). The subsequent
period of hypothermic (20°C-22°C) brain perfusion, during which the 3 branches of
the graft were attached to the brachiocephalic arteries, averaged 35 minutes (range,
23-44 minutes). All the patients survived the procedure and were discharged from
the hospital. No patient sustained a permanent neurologic deficit. One patient had
lethargy for 2 days, with full recovery. Nine of the 12 patients were extubated within
72 hours.

Conclusions: This technique obviates the need for direct cannulation of the bra-
chiocephalic arteries and for a separate perfusion circuit and requires only a brief
period of circulatory arrest of the brain.

P
ermanent or transient neurologic dysfunction remains a major com-
plication of operations that involve total replacement of the aortic
arch. Currently, 2 general methods of brain protection are used with
these extensive surgical procedures: profound hypothermic circula-
tory arrest with or without retrograde brain perfusion and selective
antegrade hypothermic perfusion of the brachiocephalic arteries. Hy-

pothermic circulatory arrest provides a dry operative field, but the safe duration of
arrest is finite and should not exceed 45 to 50 minutes. Antegrade brain perfusion
is usually accomplished by means of direct cannulation of the brachiocephalic
arteries. This technique requires a separate perfusion circuit and careful monitoring
of perfusion pressure and flow and introduces the risk of embolization of athero-
matous debris or air.

We present our technique for total arch replacement using right axillary artery
cannulation, a branched aortic graft, a short (less than 13 minutes) interval of

circulatory arrest of the brain, and subsequent hypothermic brain perfusion but
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without the need for direct cannulation of the brachioce-
phalic arteries or a separate perfusion circuit.

Methods
A median sternotomy is used for replacement of the ascending
aorta, arch, and proximal descending thoracic aorta. If more ex-
tensive resection of the descending thoracic aorta is required, a
bilateral anterior thoracotomy (clamshell incision) through the
fourth intercostal spaces is used.1 With the latter approach, the
right axillary artery is exposed through a subclavicular incision,
and an 8- or 10-mm collagen-impregnated polyester graft (Meadox
Hemashield Platinum 4 Branch Graft; Boston Scientific Inc,
Natick, Mass) is sutured to the artery in an end-to-side fashion
(Figure 1, A). The distal axillary artery is occluded when techni-
cally feasible to avoid hyperperfusion of the right arm. Arterial
pressure is monitored in the left arm. A single, 2-stage venous
cannula is inserted into the right atrium directly or through the
right femoral vein. After establishing cardiopulmonary bypass
(CPB), cooling is initiated. The left heart is vented with a catheter
inserted in the right superior pulmonary vein, and a cannula is
inserted into the coronary sinus for delivery of cold blood car-
dioplegic solution.

The head is packed in ice, methylprednisolone (7-10 mg/kg)
and thiopental (10-15 mg/kg) are administered intravenously, and
when the nasopharyngeal temperature reaches 13°C to 18°C and
the electroencephalogram becomes isoelectric, the patient is placed
in the Trendelenburg position, and circulatory arrest is established.
A clamp is placed on the axillary perfusion graft, and the ascend-
ing aorta and aortic arch are opened, taking care to avoid dislodg-
ment of atheromatous debris (Figure 1, B). The brachiocephalic
arteries are dissected from the surrounding tissue, and the arteries
are transected at their origins from the aorta (Figure 1, B). If
necessary, they are divided more distally to avoid areas of ather-

Figure 1. Technique for single-stage replacement of
incision: the arch-first technique and a branched aort
oma or dissection. Perfusion from the axillary artery is slowly
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initiated to evacuate entrapped air (Figure 1, C). The arteries are
then clamped, and flow (10-15 mL/kg) at a temperature of 20°C to
22°C is established to the brain by means of the axillary graft
through the right carotid and right vertebral arteries (Figure 1, D).
The flow rate is adjusted to maintain a mixed venous oxygen
saturation measured in the right atrium of 85% to 95%. Perfusion
pressure is also monitored by using the arterial line in the left arm.
The divided brachiocephalic arteries are attached to the limbs of an
aortic branched graft (Meadox Hemashield Platinum 4 Branch
Graft, Boston Scientific Inc), beginning with the left subclavian
artery and ending with the innominate artery, with 5-0 polypro-
pylene sutures (Figure 1, D). When the anastomoses are com-
pleted, the aortic graft is clamped distal to the left subclavian
artery, the clamps on the 3 branches are removed, and air is
evacuated from the proximal open end of the aortic graft. The
aortic graft is then clamped just proximal to the innominate artery,
and antegrade flow is established through the 3 arteries, maintain-
ing the same flow rate, pressure, and temperature (Figure 1, E).
The fourth branch of the aortic graft is ligated, and the graft is
anastomosed to the descending thoracic aorta at the appropriate
level (Figure 1, F). Rewarming is then initiated, perfusate flow is
increased, and the anastomosis of the aortic graft to the ascending
aorta is completed (Figure 1, G). Aortic valve or root replacement
and coronary artery bypass grafting, if indicated, are performed at
this time. CPB is discontinued after rewarming has been com-
pleted, and the axillary artery graft is ligated close to the artery and
divided.

If resection of only the very proximal portion of the descending
thoracic aorta is required, the procedure is performed through a
median sternotomy. In most instances extension of the incision
into the neck or division of the innominate vein is not necessary.
CPB is established with perfusion through the axillary artery, as
previously described (Figure 2, A). After circulatory arrest is

thoracic aorta with a bilateral anterior thoracotomy
ft (see text for details).
the
ic gra
established, the ascending aorta and arch are opened, and the
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brachiocephalic arteries are transected (Figure 2, B). Perfusion
from the axillary artery is slowly initiated to evacuate air (Figure
2, C), the arteries are clamped, and flow is established to the brain
through the right vertebral and right carotid arteries (Figure 2, D).
The proximal descending thoracic aorta is mobilized and divided,
and the branched aortic graft is anastomosed first to the descending
thoracic aorta (Figure 2, D). If indicated, the elephant trunk tech-
nique can be used for this anastomosis. The left subclavian artery
is then anastomosed to the most distal branch of the aortic graft
(Figure 2, D). After this anastomosis is completed, a second
arterial line from the pump oxygenator is attached to the fourth
branch of the aortic graft, and after evacuation of air, flow is
established to the distal aorta and to the left subclavian artery. A
clamp is placed on the aortic graft just proximal to this area (Figure
2, E). Flow is simultaneously reduced through the right axillary
artery to maintain total flow through the brachiocephalic arteries at
the appropriate level (10-15 mL/kg). The mixed venous oxygen
saturation in the right atrium and the arterial pressure in the left
arm are monitored. A single pump head of the CPB apparatus is
used, and the desired ratio of flow through the 2 arterial lines is
achieved by using occluders and inline flowmeters. The anasto-
mosis of the middle branch of the aortic graft to the left carotid
artery is then completed, and after evacuation of air and reposi-
tioning of the clamp on the graft proximal to the second branch,
flow is established in an antegrade direction to the left carotid
artery (Figure 2, F). Flow in the 2 arterial lines is again adjusted,
and rewarming is begun. The anastomosis of the first branch of the
graft to the innominate artery is then completed, maintaining
antegrade flow into the left vertebral and left carotid arteries
(Figure 2, F). After evacuation of air, the clamp on the aortic graft
is positioned proximal to the first branch, and antegrade flow is
established through all 3 brachiocephalic arteries and to the distal
aorta through the right axillary artery (Figure 2, G). Flow through
the fourth branch of the graft is discontinued, and this branch is
ligated and divided (Figure 2, H). The procedure is then completed

Figure 2. Technique for total arch replacement with a m
text for details).
as described above.
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Results
These techniques have been used in 12 patients undergoing
total aortic arch replacement. Their ages ranged from 33 to
79 years (mean, 60 years). Eight patients had extensive
thoracic aortic replacements with a bilateral anterior thora-
cotomy, and 4 had ascending aortic and total arch replace-
ment with a median sternotomy. No patient had acute aortic
dissection, 5 patients had chronic expanding aortic dissec-
tions, and 7 had degenerative aneurysms. Circulatory arrest
of the brain was established at a mean temperature of 16°C
(range, 13°C-18°C), and the mean duration of arrest was 8.8
minutes (range, 6-13 minutes). The subsequent period of
hypothermic perfusion during which the 3 branches of the
graft were attached to the brachiocephalic arteries averaged
35 minutes (range, 23-44 minutes).

The mean durations of cooling, rewarming, and CPB
were 35 � 7, 68 � 18, and 181 � 48 minutes, respectively.
There were no significant differences for these times be-
tween the 8 patients in whom a bilateral anterior thoracot-
omy was used and the 4 patients who had a median ster-
notomy. The mean durations of lower body circulatory
arrest were 58 � 20 and 30 � 13 minutes for the above 2
groups, respectively (P � .05). The difference was related
to the more extensive descending thoracic aortic resections
that were required in the patients having a bilateral anterior
thoracotomy.

All patients survived the procedure and were discharged
from the hospital. Six of the 12 patients were extubated
within 24 hours, and 9 were extubated within 72 hours. One
patient had lethargy for 48 hours, with complete recovery.
No patient sustained a permanent neurologic deficit. The
median and mean lengths of stay in the intensive care unit

n sternotomy incision and a branched aortic graft (see
edia
were 4 and 4.5 days, respectively.
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Discussion
The optimal technique for brain protection during opera-
tions that require total aortic arch replacement has not been
clearly established. Antegrade cerebral perfusion with or
without use of a branched graft is increasingly being used.2

This technique reduces the interval of circulatory arrest but
introduces the risk of embolization of air or atherosclerotic
debris from direct cannulation and perfusion of the brachio-
cephalic arteries and the potential risk for hyperperfusion or
hypoperfusion. It generally requires use of a separate per-
fusion circuit to control pressure and flow in these arteries.
Other techniques that avoid direct cannulation of the bra-
chiocephalic arteries require intervals of circulatory arrest
of at least 25 to 30 minutes to perform the anastomosis
between the cuff of aorta surrounding the brachiocephalic
arteries and the aortic graft or the individual anastomoses of
the brachiocephalic arteries to the limbs of the branched
graft.3,4 The technique we describe avoids cannulation of
the brachiocephalic arteries and requires only a brief (�13
minutes; mean, 8.8 minutes) interval of circulatory arrest of
the brain. Subsequent hypothermic perfusion of the brain
from the right carotid and right vertebral arteries is achieved
by means of perfusion through the right axillary artery
cannula. The technique is applicable to procedures per-
formed through either a median sternotomy or through more
extensive incisions when replacement of part or all of the
descending thoracic aorta is required in addition to aortic
arch and ascending aortic replacement.

A potential limitation of this technique is inadequate
protection of the left hemisphere because of insufficient
collateral circulation between the right and left carotid and
vertebral arterial systems. Frist and colleagues5 used direct
perfusion of only the innominate or left carotid artery with
moderate hypothermia (26°C-28°C) and reported no tem-
porary or permanent neurologic deficits in a series of 10
patients. Dossche and associates6 used unilateral antegrade
cerebral perfusion in 37 patients and bihemispheric ante-
grade perfusion in 69 patients undergoing operations on the
proximal thoracic aorta. In their multivariate analysis, the
type of perfusion was not a predictor of temporary or
permanent neurologic dysfunction. They also reported that
among patients in their institution undergoing isolated uni-
lateral carotid endarterectomy, an incomplete or absent cir-
cle of Willis was identified preoperatively only in 8% of
cases.

Two additional studies using selective perfusion of only
the innominate artery for aortic arch replacement have doc-
umented the safety of this technique. Aoyagi and cowork-
ers7 reported no neurologic complications in 11 patients.
They used the distal stump pressure in the left superficial
temporal artery to assess the patency of the circle of Willis.
At a rectal temperature of 20°C to 23°C and with absence of

activity on the electroencephalogram, perfusion through the
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right axillary artery was established at a flow rate of 10 mL
· kg�1 · min�1. The proximal innominate, left carotid, and
left subclavian arteries were occluded. The duration of
brachiocephalic perfusion was 57.6 � 15.1 minutes. In no
instance was perfusion of the left hemisphere judged to be
inadequate. Wozniak and colleagues8 used selective cere-
bral perfusion through the innominate artery alone with
moderate hypothermia (28°C) in 25 consecutive patients.
They used a test interval of 10 minutes of perfusion with
monitoring of cerebral blood flow by using pulsed Doppler
transcranial ultrasonography and bilateral somatosensory–
evoked potentials. No patient was considered unsuitable for
selective cerebral perfusion as a result of the test perfusion,
and no patient had a new neurologic deficit postoperatively.
Taken together, these studies suggest that hypothermic per-
fusion of the brain through the right axillary or right innom-
inate artery provides sufficient protection of both cerebral
hemispheres during replacement of the aortic arch.

It is possible, although unlikely, that hypoperfusion of
the left side of the brain occurred during the period of
hypothermic perfusion in our patients. In our series no
extracranial occlusive disease of the carotid, subclavian, or
vertebral arteries was demonstrated by means of preopera-
tive angiography. During the interval of brain perfusion
through the right axillary artery, which averaged 34 min-
utes, the temperature of the perfusate was maintained be-
tween 20°C and 22°C, and the head was packed in ice. The
combined duration of circulatory arrest and hypothermic
perfusion of the brain did not exceed 53 minutes. This
interval is within the range of the duration of hypothermic
circulatory arrest for operations that included aortic arch
replacement reported in several large studies in which hy-
pothermic circulatory arrest was the sole method used for
cerebral protection.9,10 The absence of any permanent neu-
rologic deficit and only one minor transient deficit in our
patients suggests that brain perfusion was adequate.

We have not used this technique in patients with acute
type A aortic dissection. We believe, however, that it could
be used in such patients if the dissection does not compro-
mise flow into the innominate artery. On the basis of this
initial experience, we believe that continued evaluation of
this technique is warranted.
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